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REMARKS 

Claims 1-4 and 7-10 are now pending in this application. Claim 1 has been amended to 
recite a unit for molecular weight (g/mol). 

The amendment does not present new matter or raise new issues. In view of the preceding 
amendments and the following remarks, the applicants respectfully request reconsideration of the 
above-identified application. 

THE CLAIMED INVENTION 

In brief, the amended claims cover a curable composition resulting from a Michael reaction, 
which can be crosslinked at low temperatures or room temperature, but is also storage stable at 
room temperature, and does not suffer from the drawbacks of strong basic catalysts (which may 
impart yellowing cloudiness) or hydrolysis instability to the coating. In particular, the claimed 
invention requires a tertiary alkyl phosphine as the basic catalyst in a general Michael reaction of 
claimed compounds (A) and (B). Compound (A) has at least two unsaturated groups which are 
activated for Michael addition, and compound (B) has at least two activated hydrogen atoms. 

Furthermore, the claimed invention requires a carboxylic acid (D) in the curable 
composition to be a saturated fatty acid having a molecular weight 80 g/mol or less, and the 
carboxylic acid (D) to be added before the tertiary alkyl phosphine (Q. 

OBfECTIONS 

In the Office Action, it was incorrectly noted that the Information Disclosure 
Statement ("IDS") of August 21, 2007, failed to include a copy of the cited reference. 

In fact, a copy of the reference was included with the IDS of April 26, 2007. A copy is also 
attached to this Response. 

In the Office Action, claims 1-4 and 7-10 were objected to for informalities. 

In light of the Examiner's suggestion, claim 1 has been amended to recite "molecular weight 
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of 80 g/mol or less." Accordingly, the applicants respectfully request reconsideration and 
withdrawal of this objection. 

REJECTIONS K&G §103 
In the Office Action, claims 1-4 were rejected under 35 U.S.C. §103(a) as being 
unpatentable over U.S. Patent No. 5,959,028 to Irie, et al., in view of U.S. Patent No. 
5,268,473 to Moren, et al., and U.S. Patent No. 5,219,958 to Noomen, et al. 

The applicants respectfully traverse this rejection. 

The rejection of claims 1-4 were based on the combination of Irie, Moren, and Noomen. 
Irie was cited for the disclosure of a Michael reaction of claimed components (A) and (B); Moren 
was cited for the disclosure of tertiary phosphine catalyst used in a Michael reaction; and, Noomen 
was cited for the disclosure of blocking a Michael reaction catalyst with carboxylic acid. 

The combination of the references fail to arrive at the claimed invention because Moren 
teaches a very specific type of Michael reaction involving azlactones, which does not apply 
generally to all Michael reactions, and certainly not to the claimed Michael reaction of components 
(A) and (B) which do not involve any azlactones. That is, Moren's disclosure of tertiary alkyl 
phosphine as a Michael addition catalyst does not apply to the claimed Michael addition because 
Moren is only directed to a very specific Michael reaction of azlactones. Given Moren's 
narrow teaching of Michael reaction catalysts, no motivation exists to supplement Irie with Moren. 

In particular, Moren discloses that a Michael reaction of azlactones and carbon acid 

produces a specific land of Michael adducts which contain a stronger base than a phosphine 

catalyst. In fact, Moren teaches that the Michael adducts may function as the actual catalytic 

agent, rather than the tertiary alkyl phosphine; 

Generally, it is advantageous to employ a catalyst, and the most efficient catalysts are bicyclic 
amidines and trivalem phosphorus compounds described in U.S. Pat. No. 4,874,822 which 
is incorporated herein by reference , . . [The reaction] involves initial Michael addition 
of the catalysts to the 2-alkenyI azlactone. In contrast to the Michael donors of the 
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present invention, these catalysts possess no readily exchangeable proton. Consequently, 
charged or so-called "zwitterions" structures such as IXa and IXb are formed: 





[The] Michael adducts contain a stabilized carbanton which id a stronger base than 
either amidine or phosphine catalyst. The zwitterionic intermediate thus formed in 
situ may be the actual catalytic agent responsible fot forming the enolate ion. 

(Moren, col. 12, In. 45-col. 13, In. 23). That is, Moren involves a Michael addition of the catalyst 
and a 2-alkenyl azlactone, which forms a very specific structure, zweitterion, which itself contains a 
base that serves as the catalytic agent in forming the enolate ion. 

Furthermore, Rasmussen (U.S. Patent No. 4,874,822 - the reference incorporated by 
reference in Moren) makes an even narrower disclosure that trivalent phosphorus compounds used 
as a Michael addition catalyst is effective only for alkenyl azlactones, but not for saturated 



The unusual effectiveness of the catalysts of the present process is not well understood. The 
fact that both stronger and weaker bases are less effective as catalysts indicates that factors 
other than base strength must be important. Also, whereas U.S. Ser. No. 910,528 teaches 
that bicyclic amidines such as DBU and DBN are quite effective catalysts for the reaction of 
alcohols with saturated azlactones, it was completely unexpected that these same 
catalysts would be an order of magnitude more effective (i.e. greater than ten times 
the reaction rate) for reactions with alkenyl azlactones. Even more surprising is the 
fact that the trivalent phosphorus catalysts are ineffective for catalysis of 
alcohol/saturated azlactone reactions. 



(Rasmussen, col. 6, Ins. 19-33). 

In other words, Moren's teaching of trivalent phosphorus compounds is narrowly tailored 
for azlactone Michael additions, and Rasmussen discloses that, even for azlactone reactions, 



azlactones: 
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trivalent phosphorus compounds are effective catalysts only for a particular kind of azlactones. 

Neither Irie nor Noomen makes any mention of Michael reactions and azlactones, Irie 
simply teaches a Michael reaction between "( a ) a component having a plurality of oc,B-unsaturate 
carbonyl groups and (b) a component having a plurality of activated methylene group." (Irie, 
Abstract), The reference makes no mention of azlactones or zwitterionic intermediates. Therefore, 
no motivation exists to import Moren's specific and narrow teachings to Irie or Noomen. 

Accordingly, the cited references fail to disclose the tertiary alkyl phosphine catalyst (Q of 
the claimed invention which is used in a Michael reaction of claimed compound (A), having at least 
two unsaturated groups which are activated for Michael addition, and claimed compound (B), having 
at least two activated hydrogen atoms. 

Furthermore, as to the claimed combination of tertiary alkyl phosphine (Q and carboxylic 
acid (D), which is a saturated fatty acid having a molecular weight of 80 g/mol or less, the Examples in 
the Specification clearly show unexpected improvements in terms of compositions which can be 
crosslinked at low temperatures and, at the same time, remain stable at room temperature. 
Furthermore, the use of tertiary alkyl phosphine (C) and carboxylic acid (D) in the claimed 
Michael reaction. provides compositions which do not suffer from the drawbacks of strong 
basic catalysts, which may impart yellowing, cloudiness, and hydrolysis instability to the 
coating. Tables 1 and 2, below, show that the claimed compositions exhibited unexpected 
improvements in terms of solvent resistance, pencil hardness of the cured coatings, and storage 
stability. 



DC 242184.1 



PACE 10/26 * RCVD AT 5/15/2008 6:35:17 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/20 * DNI8:2738300 * C8ID:2024787380 * DURATION <mm*s):04-28 



05/15/2008 17:41 FAX 2024787380 



EAP&D 



glOll/026 



Application No. 1 0/516,295 8 Docket No.: 80385(47762) 

Amendment dated May 1 5, 2008 

Reply to Office Action of February 15, 2008 







ESS653&0 1 


fI*»C/ 


rMUt.V 
iw'c/- 


rare* 

ral«t.V 
Mean*** 3 




1"": 




-if*- 


— fr— 








— r— 


— wr — 


Wo 

— - 


-J I 


JM ... 


— 8 — 

M— 




— v • 


— w — 




— s — 

m 


■ 


-HP— 




— r— 


WW 




no 








i 


rap 




JO 

- -- ■ . 


—ft— 


—8r- 


F*i aaac 


TT." 


—m — 






a 


m . . 







TtrtUcr 

— 


MM 

ro> 


BtltlGt Wtift.V 

p«mxjJL tavtewMr 
(100-C/M atfU 

"" II 


Maeil ha****** 1 
SOT 




j— n — 


— fW — ' 


mU 


— 15— 

SB 

8 1 

-»TT — H 




2» 





(Tables 1 and 2, Specification, p. 20, 22). 



In summary, the cited references fail to disclose the claimed Michael reaction which uses a 
tertiary alky! phosphine catalyst for reacting claimed components (A) and (B) - rather than only 
limited to azlactones as taught in Moren. In addition, the Examples support unexpected 
improvements in combining tertiary alkyl phosphine (Q and a carboxylic acid (D) in a Michael 
reaction. For the foregoing reasons, the applicants respectfully submit that Moren, Irie, and Noomen 
fail to render obvious the invention recited in claims 1-4, and request reconsideration and withdrawal of 
this rejection. 

In the Office Action, claims 7-10 were rejected under 35 U.S.C. §103(a) as being 
unpatentable over Irie, in view of Moren and Noomen. 

For the same reasons discussed above, Moren and Noomen fail to render obvious the 
invention recited in claims 7-10. Therefore, the applicants respectfully request reconsideration and 
withdrawal of this rejection. 

In the Office Action, claims 1-4 and 7-10 under 35 U.S.C. §103(a) as being 
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unpatentable over U.S. Patent No. 6,897,264 to Lachowicz, in view ofNoomen. 

Lachowicz fails as prior art against the claimed invention. The instant application's 
effective filing date of June 14, 2002 (priority application EP 02013480.5), precedes the U.S. filing 
date of Lachowicz, December 18, 2002. A certified copy of the priority application is on record. 

Noomen alone fails to render the claimed invention obvious. 

Accordingly, the applicants respectfully request that this rejection be reconsidered and 
withdrawn. 

REJECTIONS - 

NONSTA TUTOR YNONOR VIOUSNESS-TYPE DOUBLE PA TENTING 

In the Office Action, the following rejections were based on nonstatutory 
nonobviousness-type double patenting: 

• Claim 1 as being unpatentable over claim 1 of Lachowicz, in view of Brinddpke, et al, 
and in view of Noomen; 

• Claims 2-4 and 7-10 as being unpatentable over claim 1 of Lachowicz, in view of 
Brinddpke, Noomen, and Irie. 

In order to overcome this rejection, the applicants enclose a terminal disclaimer over Lachowicz. 

In view of the above amendment and terminal disclaimer, the applicants believe the pending 
application is in condition for allowance. 

Dated: May 15, 2008 Respectfully submitted, 

B v YaUAjbj 

Jamc ff E. Armstrong; IV 

11 jgistration No.: 42,266 f 
EI1V fARDS ANGELL P AIMER jk DODGE 

P.O. Box 55874 
Boston, Massachusetts 02205 
(202) 478-7370 

A ttomeys/ Agents For Applican t 




Ends: Terminal Disclaimer & copy of Assignment (5 pages) 

Clemens, RJ. et al. "A Comparion of Catalysts. . (9 pages) 
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A Comparison of Catalysts for Crosslinking 
Acetoacetylated Resins via the 
Michael Reaction 



Robert J. Clemens and F. Del Rector 
Eastman Chemical Products. Inc.* 
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INTRODUCTION 
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Figure 1— Acetoacetyl groups 
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THE MODEL SYSTEM 

Isobutyl acetoacetate [(1) in Figure 3] was selected to 
model an acetoacetylated polyester derived from neopen- 
tyl glycol or cyclohexanedimethanol , and ethyl aery late 
[(2) in Figure 3] was used to model the TMPTA. Com- 
pounds 1 and 2 were dissolved in n-butanol (nBuOH), 
tetrahydrofuran (THF), or xylene, at concentrations 
which approximated the concentrations (1 M) of the two 
functional groups in a high solids coatings system; the 
resulting solutions were carefully equilibrated at 25°C 
(77°F). A catalyst was added to each solution, and ali- 
quots were periodically withdrawn, neutralized, and ana- 
lyzed by gas chromatography (see Experimental section 
for further details). In sample runs with 5 mo!e% (relative 
to acetoacetyl groups) of benzyltrirnethyl ammonium 
methoxide or KOH as the catalyst, the formation of both a 
mono (3) and a bis-Michael adduct (4) was observed 
(Figure 3). The reaction proceeded until virtually all of 
the ethyl acrylate was consumed (Figure 4). 

Analysis of the data from a. series of model reactions 
suggested that the rate of the Michael reaction had a first 
order dependency on the acrylate concentration . but was 
independent of the concentration of the isobutyl acetoace- 
tate (1). Indeed, the rate of reaction was unchanged when 
the acetoacetate concentration was reduced ten- fold. This 
data is consistent with a reacti6n mechanism in which the 
deprotonation of the acetoacetate ester is rapid and af- 



fords a steady-state concentration of the reactive enolate 
anion (5) (Figure 5). The model reaction is more complex 
than might be surmised from the apparent first order 
nature of the process since, after the reaction has started, 
there are two acetoacetate anions [(5) and (7)] competing 
for the ethyl acrylate. From a coatings development 
standpoint, however, the rate of Michael reaction of ethyl 
acrylate is the critical factor; each molecule of ethyl 
acrylate consumed in the model system corresponds to the 
formation of a branch point or a crosslink in an actual 
resin formulation. A more detailed picture of the overall 
mechanism is presented in Figure 5 * several acid-base 
equilibria, particularly anion protonation by the solvent 
or other, acetoacetate species, have been omitted for 
clarity. 
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Our model system showed the rate-limiting step of the 
Michael reaction to be dependent upon the acrylate (!) 
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Figure 2— Michael reaction 
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CROSSLINKING ACETOACETYLATED RESINS 
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Figure 3— Formation of both a mono <3) and a bis-Mlchaet adduct (4) aa a result of sampfa runs with 5 moie% (relative to 
acetoaoetyl groups) of benzyltrlmethyl ammonium methoxlde or KOH as the catalyst 



and acetoacetate anion (5) concentrations. In coatings 
systems, adjustment of the aery late concentration would 
be limited by stoichiometric considerations and could not 
be used to control the rate of crosslinking. The depen- 
dence of the reaction rate on the acetoacetate anion con- 
centration, however, was quite promising since the con- 
centration of this anion could be varied by both the 
amount of catalyst which was used and by the initial 
deprotonation equilibrium (k,/k_,)- We therefore 
planned to examine the effect of a variety of bases on this 
deprotonation equilibrium via our model system. 

The appearance of a bis-Michael adduct in our model 
reactions was relevant to subsequent work; it greatly 
complicated kinetic analysis of the model system and 
implied that less than an equivalent of the acetoacetate 
functionality was required relative to the acrylate. More 
importantly, coatings formulations in which large 
amounts of the bis-Michael adducts were formed would 
be expected to cure faster and to gel sooner than those in 
which only mono -Michael adducts were produced. The 
Carothers equation was used to predict the extent of 
reaction necessary to achieve infinite molecular weight as 
a function of the number of reactive functional groups 
which were present on the resin and on the crosslinking 
reagent. 6 This latter information is important when con- 
sidering the pot life of various systems (note that a bi- 
I mictional crosslinking reagent would be expected to pro- 
vide a much longer pot life than a tetrafunctional one for a 
iiiven catalyst system). A graphical rendition of the Car- 
riers equation (Figure 6) was used to predict the extent 
"I reaction for which our model system might be expected 
t« approximate the solution chemistry in actual coatings 
"VMems.* ' 



state concentrations of the anion. We selected commer- 
cially available amidine and guanidine bases (Table 1) 
which had pK b values intermediate between hydroxide 
and triethylamine for our studies. The active methylene 
protons on acetoacetate esters have a pK B of — 1 2, and the 
methine proton of the mono-Michael adduct (3) has a pK a 
of —13, so these bases were expected to vary the depro- 
tonation equilibria and, consequently, the relative con- 
centration of the acetoacetate anion. It was expected that 
the hydroxide bases would rapidly deprotonate the ace- 
toacetate (k l >>k_ j or k 2 ) and thus establish a limiting 
velocity for the Michael reaction under the conditions of 
our model system. This limiting rate appeared to be 30 x 
10" 5 sec- J (Figure 7).* 

As shown in Figure 8, TMG was found to be an 
effective catalyst for the Michael reaction of our model 
system, and was also found to be less sensitive to the 
reaction solvent than KOH. It also catalyzed the Michael 
reaction less effectively, as was predicted. 

The relative reaction rates which resulted from using 
the various bases in our model system are shown in Table 
2, and the effect of various catalyst concentrations on the 
rate is shown in Table 3 and Figure 9. Rate constants over 



•The reaction rate* are presented a» pieu do- first- wdei rate constants, as determined from the 
slope of a plot of log (EA1 vs rime, as derived from the integration of .the rate expression d[EAJ/ 
dt - krfniBA]. where Is a function of the < on cejit ration of the base <bctd constant), the 
deprotonarion equilibrium (constant for a given base), and (he rets constants k 2 and k 3 (at later 
stage* of the reaction). Qualitative observations suggest **>\y. but the impact of Ihu second 
process is only seen later in the reaction as |3] builds up. and ft lessened by the higher pK» of the 
methine proton of 3. A rigorous study of our model system would require separating k, and k 3 , 
but would have provided Utile additional information to our coatings application 



EV M'ATION OF CATALYSTS 

h i. known thai Michael reactions between acetoace- 
.ik- 1 Mors and ucrylatcs occur readily at 25°C with strong 
M / Mich as mcthoxide and hydroxide, but not with 
^ organic bases such as triethylamine. 1 This can be 
;/7'^ f h > the Portion of the deprotonation equilibri- 
1 i >■ 1,1 wh^h weaker bases afford lower steady- 
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Figure 4— Mlchaef reaction ot the model system; KOH catalyst 
(5 molo%); 25"C 



85 



'ACE 20/26 * RCVD AT S/1S/2008 6:35:17 PM [Eastern Daylight Time] * SVR:USPTO-eFXRF«5/20 * DNIS:2738300 * CS1D:202 4787380 " DURATION (mro-ssl: 04-281 



05/15/2008 17:43 FAX 2024787380 

R.J. CLEMENS and F.D. RECTOR 



EAP&D 



©021/026 



0 0 



T 1 



biiiH 4 



O t Ct 



0 0 



W 3 lo e ct 



0 0 



COjCt 



P o 



0.£t 



II 0 



EtO t t^ CO e Cl EtO f C CO a Et 



Figure 5— Overall reaction mechanism 



20 x 10 ~ 5 sec -1 in our model system usually correlat- 
ed with extremely short pot lives in actual coatings sys- 
tems* while rate constants less than 2 x 10~ 5 sec ~ l 
could not be expected to provide effective cure in a 
coating. 

The results in Table 3 show that amidine and guanidine 
bases are clearly effective catalysts for the Michael reac- 



tion; 7 TMG and DBU provided the lower reaction rates 
which were expected as k_ ^ became larger relative to k». 
The rate of reaction achieved with the DBN was unex- 
pected and is not yet fully understood; possibly the pK b 
of DBN in our system was higher than anticipated. At 
25°C, and at 5-10% levels, neither triethylamine, 1,4- 
diazabicyclo(2-2.2)octane (DABCO), nor 4-dimethyl- 




Figure 6 — Degree of reaction at gel point (by Carothers 
equation) 



Table 1— Basicity of Some Commercially Available Catalysts 
For the Michael Reaction 



CD CO 



Tno 



DBU 



DSN 



Tricthyl amine (EtjN) amine 10.7 

l,8-Diazabicyclo(5.4.0)undcc-7-CTic (DBU) amidine 12.5 

l,5-DiazabicycIo(4.3.0)non-S-ene (DBN) amidine 12.7 

Tetramethyl guanidine (TMG) guanidine 1 3.6 

Sodium hydroxide (NaOH) hydroxide —14 
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aroinopyridine (DMAP) would catalyze the Michael reac- 
tion; all of these compounds are basic catalysts of rela- 
tively low pK b . As expected, the rate of the Michael 
reaction increased with increasing catalyst levels; with 
TMG, the correlation between the rate of reaction and the 
catalyst level (1-8 mole%) was nearly linear. 

The relative amount of the bis-Michael adduct (4) 
which was produced varied considerably between the 
different types of catalysts. As discussed previously, for- 
mation of the bis-adduct would accelerate curing in an 
actual coatings system. If measured when half the ethyl 
acrylate was consumed, the amidine bases DBU and DBN 
provided bis/mono adduct ratios (4/3) of about 0.7, which 
was far higher than the bis/mono adduct ratio of 0.04 
achieved with the hydroxide bases. TMG was closer to 
the amidines, with a bis/mono-adduct ratio of 0.3. Thus, 
at catalyst concentrations which provided equal rate con- 
stants, the amidine and guanidine catalysts would be 
predicted to provide more densely crossl inked systems 
than the hydroxide bases, partially at the expense of pot 
life. 

The Michael reactions of isobutyl acetoacetate with 
several other activated olefins (Michael acceptors) were 
briefly examined to establish a general order of reactivity. 
Ethyl acrylate was clearly the most reactive olefin stud- 
ied, but diethyl maleate also reacted readily. Methyl 
methacryiate (MMA) and ethyl crotonate were notably 
less reactive, while ethyl cinnamate barely participated in 
TMG-catalyzed Michael reactions at ambient tempera- 
tures. 



Two acetoacetylated acrylic resins were synthesized by 
the radical-promoted, solution polymerization of AAEM 
with MMA. The physical properties of these copolymers, 
containing 20 and 30 mol% AAEM, respectively, are 
summarized in Table 4. These resins had significantly 
reduced solution viscosities and glass transition tempera- 
tures when compared with MMA or MMA/hydroxyethyl- 
methacrylate (HEMA) copolymers; this was an expected 
and desirable result of introducing bulky pendant groups 
onto the polymer backbone. 

In the first of the aforementioned series of gel point 
experiments, our 20 moI% AAEM/MMA copolymer (fw 
614/acetoacetyl group) and TMPTA were dissolved in 50/ 
50 butanol/xylene to afford a solution (36% solids) which 
was 0.5 M in both acetoacetate and acrylate functionality. 
The addition of 2.5 mol% (relative to the acetoacetyl 
groups) TMG catalyst gelled this solution in six hours 
{Table 5); doubling this catalyst level to 5 mol% reduced 
the gel time by a factor of 3, to two hours. Gel times 
could be shortened by replacing the 5 mol% TMG (gel 
time - 6 hr) with a similar concentration of DBN (3 hr) 
or TBAH (4 hr), or lengthened with DBU (22 hr), which 
was consistent with predictions from our model study and 
mechanistic analysis. The gel time could be shortened by 
the addition of excess TMPTA; doubling the TMPTA 
concentration reduced the gel time by a factor of — 1 .5. 

LitUe dependence on the concentration of the acetoace- 
tylated polymer was observed (in the 0. 1-1 M range), and 
in several cases the more dilute samples gelled faster. 

Application of the Carothers equation indicated that the 
number of functional (acetoacetyl) groups per polymer 



PREPARATION OF THERMOSET MATERIALS- 
GEL POINT EXPERIMENTS 

Our catalyst evaluation was extended to the preparation 
of thermoset materials, via the ambient temperature 
crosslinking of acetoacetylated acrylate, polyester, and 
ceilulosic materials. This evaluation of Michael cross- 
linking technology occurred in two distinct technical 
phases. First, a series of gel time experiments was used to 
determine the general versatility of the Michael approach 
to crosslinking; the crosslinking of two acrylic, AAEM- 
based resins was then examined in greater detail. 
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Tabte 2^Paeudo-Frrst-Ord9r Rate 
Constanta, Five MoJe% Catalyst 
(x 10 s see-') 



Solvent 



Catalyst 


TMF 


Xylene 


ftBuOH 


EEP 


KOH 


29 


insof. 


20 




nBiuNOH . . . 

TMG 

DBU 


30 
3.8 
2.8 


J0.5 
5.0 

2.7 


6.3 
7.7 
3.7 


8.3 


DBN 


29 








Et 3 N 


- <0.l 
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Table 3— Effect of Catalyst Concentration on the Rate of 
Michael Reactions 



Catalyst 


TMF, 25°C 

Concentration f 


Ute (x 10» sc 


nBiuNOH (TBAK) 


5% 


30 




2 


4.6 






21 




8 


7 




5 


5.8 




4 


4.4 




2 


I.0 




1 


0.5 


DBU 




2.8 




2 


0.1 


DBN 


5 


29 




2 


2.7' 



molecule would also affect coatings cure, especially on 
materials with 2-20 functional groups. It was also antici- 
pated that the concentration of both functional groups 
would become important as the acrylate groups became 
attached to the polymer and thus became less mobile; 
effective crosslinking would then depend on the physical 
proximity of functional groups. This dependency was 
observed by the comparison of a 10 mole% AAEM/MMA 
copolymer with the 20 mole% AAEM/MMA copolymer 
described previously; at identical concentrations of all 
functional groups, the less functionalized polymer re- 
quired four times longer to gel (6 vs 24 hr). This result 
also established that our model system could be used to 
predict relative reactivities of different Michael systems 
and catalysts, but was not itself sufficient to predict cure 
times for different polymer systems. 

The importance of functional group accessibility be- 
came even more apparent with acetoacetylated polyester 
resins and cellulosic polymers. These materials were pre- 
pared by acetoacetylating pendant hydroxy! groups on the 
polymers with diketene or methyl acetoacetate. In these 
polyesters and cellulosics, the acetoacetyl groups were 
attached directly to the polymer backbone without the 
benefit of a spacer group as is present in AAEM\ and this 
was reflected in slower cure rates under conditions simi- 
lar to those used with the AAEM/MMA copolymers. 
Furthermore, the gel time of polymers with more hin- 




tojz (sec) 



Figure 9— Michael reaction of the model eyetem; TMG 
catalyst; 25 Q C 
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dered acetoacetyl groups appeared to decrease more rap- 
idly with decreasing functional group concentrations than 
was the case with the AAEM based polymers. It was 
possible to offset the slower rates by increasing the con- 
centrations of both functional groups via higher solids 
formulations. This approach was greatly simplified by the 
viscosity- reducing properties of the acetoacetyl group. 
Increasing the number of acetoacetyl groups per molecule 
was also found to enhance cure rates, especially with 
lower molecular weight species. 

Cellulose tri acetoacetate was readily cross! inked with 
TMPTA, while several less highly acetoacetylated cellu- 
lose esters (mw—12500/acetoacetyl group) could not be 
gelled. In an alternate approach to cross! inked cellulosic 
systems, TMG was used to catalyze the crosslinking of an 
acryloylated cellulosic with glycerol trisacetoacetate; 
crosslinking occurred, as demonstrated by sample gel- 
lation within one hour. This "reverse" approach to 
Michael-type crosslinking should be readily extended to 
make other coatings systems. 

PREPARATION OF COATINGS 

BASED ON ACETOACETYLATED RESINS 

The two AAEM/MMA copolymers which were pre- 
viously discussed were selected for a more thorough ex- 
amination. DBU was selected as the catalyst which would 
provide the greater cure latitude and the longer pot lives 
which were one of our initial objectives. Cure response 
curves (Figure 10) were determined for both resins, using 
a stoichiometric amount of TMPTA as the crosslinking 
reagent, at four different catalyst levels. 

The response curves were determined by hourly viscos- 
ity measurements; that level of catalyst which would 
provide a pot life of greater than eight hours and still 
afford complete cure was sought. Consistent with earlier 
observations, the higher degree of functionality on the 30 
mol% AAEM resin resulted in complete cure at markedly 
lower levels of catalyst. For the resin containing 20 mol% 
AAEM, 2 mol% of DBU (relative to the acetoacetyl 
groups) gave the desired pot life and also effected com- 
plete cure, while 1 moIe% of DBU was sufficient to cure 
the resin which contained 30 mole% AAEM. These cata- 
lyst levels are quite low when viewed as a percentage of 
the total coatings formulation (0.07-0.11%), and were 
used for the remainder of the coatings evaluations. The 



Table 4— -AAEM/MMA Copolymers end Properties 

Resin (mof% AAEM) 
0 rnol%* 20 mottfc 30 mol% 



Wt%AAEM 0 34.9 47.8 

M« 9590 6970 7650 

T,<°C) 105 57 52 

% Solids 59.0 57.7 58.0 

Brookfield viscosity 471 42 24 

(cP x I0 3 ) 



<a) MM A control- 
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specific formulations which were tested are described in 
Table 6. It should be noted that these resins were selected 
simply to provide a general indication of the potential of 
this technology, and were not formulated to enhance any 
part icul ar properti es . 

The premixed ingredients were sprayed onto cold- 
rolled steel panels which had been pretreated with Bon- 
derite® 37 , and the coatings were then allowed to cure for 
seven days at ambient temperature. The performance 
properties of the resulting AAEM-based enamels were 
evaluated (Table 1) and found to have good overall coat- 
ings performance, particularly with respect to stain resis- 
tance. The major problem which was encountered was the 
relatively poor hydrolytic stability, as seen in Cleveland 
humidity tests. It was reasoned that the ami dine base 
which remained in the coating would catalyze the hy- 
drolysis of the crosslinked film. Indeed, a low tempera- 
ture bake (100-120°C) improved the hydrolytic stability 
of the coating to the point that the coatings easily passed 
500 hr of Cleveland humidity testing. A more volatile 
amidine catalyst, a catalyst neutralization scheme, or a 
catalyst less effective at ester hydrolysis may provide 
further enhancements in the technology of Michael-cross- 
linked coatings. 



EXPERIMENTAL 

Model System — Typical Procedure 

A stock solution of isobutyl acetoacetate (7.9 g, 0.05 
mot), ethyl acrylate (5.41 mL, 0.05 mol), and 0.5 g of 
p-dichlorobenzene (internal standard) was diluted to 



Bonderite n a rtgilttrcd tradename of Purler Rust Proof Co. 



Table 5— Preparation of Therrnoeet Materials via the 
Michael Reaction 



[Ac Ac]' Catalyst Conc. b SoTvant Gel Time (fir) 



Polyester* 


80M 


KOH 


1% 






TMG 


5 




V 


TMG 


2 






TMG 


I 


CHDNHAcAck 


n 


DBU 


5 


50M 


TMG 


10 


10% AAJEM/ 








MMA d 


.27M 


TMG 


5 




.21M 


TMG 


10 


20% AAEM/ 








MMA 


.25M 


TMG 


5 




i 


TBAH 


5 






DBN 


5 






DBU 


5 


Cellulose (AcAc) 3 


-33M 


TMG 


5 




.I0M 


TMG 


5 


Cellulose acrylate* 


.25M 


TMG 


5 




.20M 


TMG 


10 



oBuOH/ 
xylene 



nBuOH/ 
xylene 



EEP 



1 
I 

17 

no gel 
1 
6 

25 
1 



4 

3 
22 
2 
1 
2 
I 



(■)ConccDfTUtio« of acctoacetyl (AcAc) groups fat solution. 
(b>C»t«Jyn concentration in mol% relative to teetOKetyl group*. 
<c)DMCIVNPG/TMP/lPA resin, Mw 6000. 400/OH group. 90% aaioaceiylitetf. 
(d) 1 0 mor% AAEM in monomer feed; see Experimental section. 
<e)Ccnuto*e acetate but y rare, «cylated with icryloyl chloride (mw 400/«cryloy1 group); 
croaslinJted wiib glycerol tmicetoaceUte. 
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CROSSLINKING ACETOACETYLATED RESINS 

50.00 mL with THF. A 10.00 mL volumetric flask was 
filled with a portion of this solution and immersed in a 
Haake constant temperature bath whose contents were 
maintained at 25.0 ±0.TC. TMG (5 mole%, 0.063 mL) 
was added to the thermally equilibrated solution and the 
flask was agitated. Reaction aliquots (0.5 mL) were re- 




0 M IU2UlUHJiU(i,S77JIMMJ IllOJfl 




PotlhaOtotm) 

Figure 10 — A: Michael addition, DBU catalyst, 20 mo!e% 
AAEM resin, pot life. B: Michael addition, DBU catalyst, 
30 mole% AAEM resin, pot life 
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moved at Time = 0, and then at 30-60 min intervals for 
the next eight hours. These aliquots were added to a vial 
which contained 2.00 mL of diethyl ether and 0.200 mL 
of 0.1N HC1, and the vials were thoroughly shaken and 
the phases allowed to separate. A portion of the ethereal 
layer was transferred to a sample vial for GC analysis. 
Control experiments established that the extraction proce- 
dure completely quenched the Michael reaction and that 
the relative amounts of the reactants (except the catalyst), 
the products, and the internal standard were unchanged 
by the extraction procedure. The samples were than au- 
toinjected (HP7673A) onto a 30 m DB-5 capillary column 
in an HP5890 gas chromatograph (injector 220°C; oven 
70°C for 2 min, then + 20°C/min to 240°C) equipped with 
a flame ionization detector. Each sample was injected 
twice, and the integrated values of the peak size versus 
the internal standard were averaged. The log [ethyl acry- 
late] was plotted, as a function of time to calculate a 
pseudo-first-order rate constant in sec" 1 . With those 
reactions which were fast enough to progress beyond 
pseudo-first-order behavior, the data obtained during the 
first half-life of ethyl acrylate was used to reflect the rate 
while the model was simulating coatings cure. All indi- 
vidual lines had regression coefficients (R 2 ) >0.970, but 
repeated runs of identical" reactions suggested that the 
precision of any given measurement was —20%. 

Preparation of Acrylic Resins 

A heated, four-necked round-bottomed flask with elec- 
tronic temperature control was equipped with an air driv- 
en stirrer, a condenser, and an addition funnel The resin 
formulation was calculated so as to provide a final prod- 
uct at 60% solids. The majority of the Ektapro® EEP 
solvent was charged into the nitrogen purged flask, and 
was then heated to I0O°C. The monomers and Vazo® 67 
initiator were dissolved in Ektapro EEP solvent, placed in 
the addition funnel, and added dropwtse to the heated 
solvent over four hours. After the addition was complete, 
the reaction was maintained at 100°C for an additional 
half-hour; and additional Vi mole% of the initiator (as a 



Table 7— Properties of Enamel Formulations 
Michaoftype Crosslfnklng 

Rasbi 

' ' 20 

Average film thickness, mil [ .2 

Glossal 60° 83 

at 20° 74 

MEK rub resistance 

Number passed 250 

Pencil hardness to mar 4H 

Impact resistance, in. -lbs 

Direct g 

Reverse 4 

Stain resistance* 

Iodine after 5 min s 

Iodine after 30 min N 

Ink after 24hr n 

ChemicaJ resistance* 

Sulfuric acid after I hr n 

Sodium hydroxide after I hr n 



1.2 
82 
70 

250 
3H 

18 
4 

N 
VS 
N 

N 
N 



(aJScale: N = no effect; and VS - very slight effect. 



10 mol% solution in Ektapro EEP) was added to conclude 
the reaction. The solution of the polymer in Ektapro EEP 
was then cooled for storage . 

Preparation of Tfiermoset Materials 

An acetoacetylated polymer* and a stoichiometric 
quantity (based on individual functional groups) of 
TMPTA were dissolved in either EEP or 50/50 nBuOH/ 
xylene at the specified concentration (typically 33% so- 
lids). Aliquots (10 mL) of these stock solutions were 
pipetted into 15 mL vials, a catalyst was added (typically 
5 mole% relative to acetoacetyl groups), and the vials 
were repeatedly inverted until they gelled. A visible vis- 
cosity increase was generally noted only very shortly 
before the gel point. 



Ektapro is a re fine red trade 
Vito is a registered iradena 


name of Eastman Chemical P 
me of E.I. duPont da Nemoui 


Toaiictc. 

•a A Co., inc. 




Tabid 6— Grume 


1 Formulations Based on Michael-type 
Crosslin king 






Resin (Mole% AAEM) 


Part A; Grind 




20 


30 


Resin (60 wr% in Ektapro EEP solvent) 

Trimethylolpropane triacrylate 

TiO* 


43.6 

3.6 
. 20.4 


32.6 
4.3 
15.2 
17 8 
14.4 
14.4 

1.3 


MIAK 




14.4 


Ektapro EEP solvent . . . 




7.9 






7.9 


Part 8: Catalyst 

DBU (5 wt% in n-butanol) 


2.2 


#4 Ford Cup viscosity, s 




TooTo 

30 


10O0 
32 



SUMMARY AND CONCLUSIONS 

A model system was developed to evaluate catalysts 
for the Michael reaction of acetoacetylated compounds 
and to learn more about the reaction process. This model 
was used to demonstrate that alkylated amidine (DBU, 
DBN) and guanidine (TMG) bases will catalyze the Mi- 
chael reaction at ambient temperature, and that reaction 
rates can be controlled by the choice of the catalyst and 
the level at which it is used. This discovery provides an 
alternative to the more conventional hydroxide bases, 
although each class of catalysts has its own merits. The 
hydroxide bases are the low cost materials and are ex- 
tremely reactive, but they suffer from lesser solubility in 
nonpolar solvents. Also, the hydroxide bases are often 



'"£ lr£>x >' ^"P' ■ccloacetyioted n 43^:. lypie.lly in ethyl i 

OMAP catalyst vu the slow addition of dlkeieac.' 
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used at very low levels, which increases the susceptibility 
of these systems to catalyst neutralization by acidic 
™f„ U H t,CS Th ? * dvanta 8<* ^ 'he alkylated amidines and 
fnHih'T ,n0,Ude read y solubility, even in xylene, 
and the diversity provided by the wide variety of materi- 
als available within these compound classes. 

we have demonstrated that amidine and guanidine 
catalysts w.11 promote the ambient temperature froTsS 
m g of acetoacetylated acrylate, polyester, and ccllulosic 
polymers v,a the Michael reaction. In an extension of tht 
^™^!L f C ? SS, !? k , in ? tcchnoI °gy. we crosslinked an 
u^i TM^ d ^ ,lnl0S,C ^ with a trisacetoacetate 
using TMG. Many acetoacetylated polymers and polyols 
are readily amenable to high solids application, and the 
Michael reaction is accelerated under these conditions; 
the catalyst must be carefully chosen to provide the bes 
balance between cure rate and pot life 

Much remains to be learned about the Michael reac- 
tion, especially as it applies to the preparation of thermo- 
set coatings. We hope that others will build on our efforts 
to understand this reaction and can develop practical coat- 
ings technology based on the Michael reaction of aceto- 
acetylated monomers and polymers. 
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